The need for 21 st century information skills in engineering practice, combined with the importance for engineering programs of meeting accreditation requirements, suggests that it may be worthwhile to explore the potential for closer alignment between librarians and their work with information literacy competencies to assist in meeting accreditation standards and graduating students with high-level information skills. This article explores whether and how information use skills are reflected in engineering program accreditation standards of four countries: Canada, the United States, the United Kingdom, and Australia. Results indicate that there is significant overlap between the information use skills required of students by engineering accreditation processes and librarians' efforts to develop information literacy competencies in students, despite differences in terms used to describe these skills. Increased collaboration between engineering faculty and librarians has the potential to raise student information literacy levels and fulfil the information use-related requirements of accreditation processes.
Introduction
Accreditation of academic programs, including engineering, is an important process that serves several functions. It provides a measure of quality assurance to ensure that students are paying for an educational experience that will adequately prepare them for the workforce. It also provides a level of standardization among multiple programs within the same jurisdiction; while most accrediting bodies avoid being too prescriptive, they do provide insight into the skill and knowledge levels expected of those graduating from an accredited program. Accreditation of postsecondary educational programs also contributes to public confidence in the products and services offered education institutions (Eaton 2009 ). Finally, in a healthily functioning accreditation environment, accreditation is viewed as a cyclic process that provides opportunities for continual improvement of the program.
Accreditation has become increasingly important in modern times as a result of the proliferation of postsecondary institutions and courses (both physical and virtual) whose quality is difficult to assess. An increasingly mobile workforce, expecting their credentials to be efficiently assessed (and ideally recognized) in multiple jurisdictions, has also been a driving force behind the emphasis on programmatic accreditation.
Accreditation of professions like engineering that are heavily dependent on technology also ensures that students are learning current practices and technologies and graduate meeting the latest industry standards.
Despite its importance, the postsecondary accreditation landscape is quite complicated. Some countries have established national or regional postsecondary institutional accreditation requirements, mandating that each university must meet institution-wide accreditation standards. These blanket accreditation processes are supplemented by programmatic accreditation that assesses specific programs, most often for professions like engineering, medicine, nursing, social work, etc. Institutionwide processes are necessarily general in nature but, depending on requirements, can provide a valuable starting point on which programmatic accreditation can build.
Institutional accreditation often requires data collection, long-term planning, and the development of procedural expertise (with writing self-study documents, preparing for site visits, etc.) that is valuable to the programmatic accreditation process. Despite this, however, the programmatic accreditation process typically requires significant specialized attention and is a rigorous and time-consuming process.
As mentioned, engineering is one program that is typically subject to a separate, programmatic accreditation process. There are numerous accreditation bodies around the world that accredit engineering programs, with most of these being national in scope. There has been some movement towards recognition of accreditation standards across national borders (most notably the European Network for Accreditation of Engineering Education's EUR-ACE program) but this level of coordination is still the exception rather than the norm. Adding to the complexity of the accreditation environment is the need for standards to continually evolve; engineering is a dynamic profession that has been greatly impacted by technology. Accreditation standards must keep pace with this development to ensure that students are prepared to meet the demands of the modern engineering workplace after graduation.
One of the developments impacting engineering and reflected in recent versions of accreditation standards has been the exponential increase in the volume of information available to professionals and the resulting need for information use skills, defined here as the ability to skillfully find and use information for specific purposes.
Research into time spent on information tasks has found that engineers spend a great deal of their work day engaged in information-related work. Allard, Levine, and Tenopir (2009) studied US and Indian engineers in the workplace and found that they spent one quarter of their time on information-related tasks (broadly divided into software tools, Internet use, and reading), while Robinson's results suggested that over 55% of engineers' workday was spent on the acquisition and provision of knowledge (2010) . Information use is not only an important factor in engineers' use of time, but also serves as an important source of inspiration in their work (Makri and Warwick 2010) . Clearly, sophisticated information use skills are essential to engineers, their employers, and universities preparing students for future careers in engineering.
Librarians, too, have recognized the importance of developing skills to use information effectively throughout the lifespan, from elementary/secondary school, through post-secondary education, and beyond for purposes of both personal and professional lifelong learning. The library profession has adopted the term "information literacy" to refer to this skill set, defining the term as the ability to "recognize when information is needed and have the ability to locate, evaluate, and use effectively the (1) The information literate student determines the nature and extent of the information needed.
(2) The information literate student accesses needed information effectively and efficiently.
(3) The information literate student evaluates information and its sources critically and incorporates selected information into his or her knowledge base and value system.
(4) The information literate student, individually or as a member of a group, uses information effectively to accomplish a specific purpose. (2) Raise awareness of the potential for librarian/faculty collaboration in meeting engineering accreditation standards.
The need for 21 st century information skills in engineering practice, combined with the importance for engineering programs of meeting accreditation requirements, suggests that it may be worthwhile to explore the potential for closer alignment between librarians and their work with information literacy competencies to assist in meeting accreditation standards and graduating students with high level information skills.
Methodology
The present study is a content analysis of the accreditation standards for engineering programs. It analyses four major English language engineering standards. The following countries/documents were included in the analysis: The most current version of each accreditation document as of December 2012
was included in the analysis. Each document was available for free in its entirety on the web site of the accrediting agency. In some cases, these accreditation documents made reference to further, related documents that are to be consulted during self-study preparation and site visits, but this study focused exclusively on the primary accreditation document, viewing these as the most likely to be referred to and therefore the most influential in the accreditation process. Engineering faculty and librarians may wish to include these additional documents in developing a detailed plan for their specific institution. The analysis included only accreditation criteria related to undergraduate or first degrees; criteria for graduate students, even when included in the documents under review, were not considered. Similarly, the analysis focused on general, overarching requirements, and did not include additional requirements articulated by sub-disciplines, as in the US accreditation document.
The content analysis started with a broad sweep of the accreditation documents, looking for the term "information literacy," along with other broadly equivalent language that describes facility with using information. The goal was to identify terms used to describe this concept within the engineering profession, as well as to note any regional variations in language use.
Once this search for broad, equivalent terms was complete, the focus shifted from the word count-type approach characteristic of quantitative content analysis to a richer, qualitative content analysis in which "the researcher looks at documents more holistically" and "analyzes meanings of words and phrases" (Saunders 2011, p. 75) . The analysis was "deductive category application," wherein, "categories are predetermined along with clear definitions" (Saunders 2011, p. 75) ; in essence, the five standards outlined by the ACRL Information Literacy Competency Standards for Higher Education served as the categories by which the accreditation documents were analyzed. Each accreditation standard document was carefully studied and passages dealing with information skills were mapped to the relevant categories, or else noted as defying categorization within the ACRL framework.
Results
The analysis revealed that information skill development is included to varying degrees in each of the four accreditation documents under consideration. Only the Australian document uses the term "information literacy" in describing this skill set; the term does not appear in any of the other accreditation documents. Australia is, in fact, the only country studied whose engineering accreditation standards apply an umbrella term to describe information skills, and then go on to elaborate in a separate section devoted to the topic. Further references to these skills are also found in other sections of the document, but not elaborated to the extent that they are in the section devoted to information literacy. The accreditation documents from Canada, the United States, and The Canadian engineering accreditation document, although lengthy as it covers not only student outcomes but also accreditation procedures, lays out "graduate attributes" very broadly and briefly. The document does include content that maps to each of the five information literacy standards but brevity of the student outcomes section results in relatively few mentions and no elaboration. Unlike many other countries, Canada does not have a comprehensive national or regional process for accrediting postsecondary institutions, so these requirements stand alone unless complemented by institution-specific policies. On a national level, then, the differences in how the four documents treat information use skills is not so much in intent and substance, but in the degree of detail and this is a reflection of the characteristics of the documents as whole.
[insert Table 1> Closer analysis of the attention paid to the content of each of the five information literacy competency standards in the accreditation documents provides further insight into emerging themes and national variations. Standard one of the ACRL Information Literacy Competency Standards for Higher Education requires that students be able to determine the nature and extent of their information need. This competency is addressed to some extent by each of the four accreditation documents reviewed. All four speak to the importance of recognizing when information is needed and formulating answerable questions. This ability is articulated in the accreditation documents in broad terms, suggesting that the need for information may relate to traditional information sources (journal articles, standards, patents, etc.) but need not be limited to these sources. The second performance indicator, requiring knowledge of types of potential information sources, is addressed by the UK and Australian standards.
This seems particularly pertinent given the modern information environment's proliferation of sources.
<insert Table 2> Standard two focuses on the ability to access needed information effectively and efficiently. This is the information skill most traditionally associated with libraries and which, while perhaps closest to performance indicator three's ability to retrieve documents from online and other sources, is in fact fairly broad and encompasses several of the performance indicators falling under this standard.
<insert Table 3> Standard three, which focuses on the critical evaluation of information and its integration into one's knowledge base, is the standard whose performance indicators are most frequently reflected in the accreditation documents. This is hardly surprising, given the overwhelming emphasis in the educational literature about the need to develop critical thinking skills in students (McPeck 1981 , Paul 1989 , Flores et al. 2010 , among many others). While evaluating information is not synonymous with critical thinking, it is a manifestation of the capacity for critical thought (Gibson 1995) . What is curious however is that, in the only instance of one of the four accreditation documents failing to align with the five standards, the American accreditation document addresses neither evaluation of information, nor the broader concept of critical thinking. The
Canadian document connects with the importance of synthesizing information to solve problems rather than the evaluation-related performance indicators. Only the Australian and British accreditation requirements refer to the need to evaluate information, with the Australian document speaking broadly about the importance of the ability to evaluate information, and the British document more specifically highlighting evaluation of "current research" and "advanced scholarship," the implied focus of ACRL Standard three.
<insert Table 4> Standard four addresses the ability to apply and use information to meet specific needs. The UK and Australian standards connect directly with the first performance indicator's requirement that students should be able to apply information retrieved for the purposes of creating and communicating knowledge. The Australian accreditation criteria go a step further and add an attitudinal component, requiring that students "develop a propensity" for this practice; in essence they seek a disposition towards inquiry. Each of the four accreditation documents engages with performance indicator three, which requires students to communicate their work with others. The accreditation documents expand considerably on the ACRL's broad statement by including requirements for communication in all mediums, including written and oral presentations (Canada and Australia), the ability to communicate to all audiences, both professional and general (UK), and the need for technological competence to facilitate this communication (Australia) .
<insert Table 5> Standard five deals with the need to understand the economic, legal, and social issues surrounding the use of information and to use information ethically and legally. The present study was intended as an initial exploration of the overlap in aspirations between engineering accreditation documents and library and information science's concept of information literacy. There are many potential avenues for future study that could enrich and build on this work. A logical next step would be to analyze the self-study documents prepared by engineering units seeking accreditation to better understand how they are meeting and reporting on information skill development requirements, as well as to identify related gaps or shortfalls; such a study could employ a methodology similar to that used by Saunders (2011) in her analysis of the institutional self-study documents prepared for the US regional accreditation process. It would also be useful to survey both engineering employers and faculty members to gauge their responses to the information use skills outlined in their national accreditation requirements and the ACRL Information Literacy Competency Standards for Higher Education. There is also a need for further study of recently graduated engineers in the workplace, in order to understand how they fare in meeting the information demands of their daily work, and whether there are ways that university can better prepare them to meet these. Finally, as partnerships between engineering programs and librarians develop with the goal of meeting accreditation requirements, these should be reported so as to provide models for wider adoption.
Smith (2002) wrote that "more than anything, [accreditation] is a means for organizing a conversation among the faculty and other professionals responsible for an academic program" (p. 31). Ultimately, it is hoped that this paper starts a conversation among engineering faculty and librarians that leads to cooperation and enhanced information use skills among engineering students. 
